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 ABSTRACT 
 Composite milk samples, in which milk from all 4 
bovine quarters is collected in a single vial, are widely 
used in many developed dairy industries for detection 
of intramammary infections (IMI). These samples are 
more economical for use in culturing protocols than 
individual quarter samples, and may be useful when 
considering management options at the cow and herd 
level. The dilution effect may be problematic, however, 
resulting in lower sensitivity (Se) in IMI detection on 
composite samples. Relative Se and specificity (Sp) 
in composite samples have previously been described 
for some major pathogens, but because the causative 
organism for IMI is initially unknown, it is beneficial 
to investigate the reliability of composite samples for 
detection of all types of mastitis-causing bacteria. The 
Canadian Bovine Mastitis Research Network has a 
large data collection platform—the National Cohort 
of Dairy Farms—containing a vast amount of data 
on mastitis in Canada. These data have been used to 
further investigate the Se and Sp of composite samples 
in detecting IMI caused by specific mastitis pathogens. 
Milk samplings of selected cows before dry-off, after 
calving, and during lactation (n = 48,835 samples) 
were employed to this end. Composite samples showed 
moderately high Se for Staphylococcus aureus (77.1%, 
95% CI = 73.3–80.5) and Streptococcus dysgalactiae
(73.4%, 95% CI = 60.9–83.7), with moderate Se for 
Streptococcus uberis (62.1%, 95% CI = 49.3–73.8) and 
coagulase-negative staphylococci (59.8%, 95% CI = 
58.4–61.2). Sensitivities always increased as the number 
of affected quarters increased. Composite samples also 
showed high Sp (>97%) for most organisms. Factors 
such as lactation number and stage of lactation were 
evaluated for their influence on the Se and Sp of com-
posite sampling, but were only found to be significant 
for coagulase-negative staphylococci. Predictive values 
using the herd prevalences found across Canada were 
calculated and can be useful in field scenarios when 
composite sampling is employed to assist mastitis man-
agement. When used to detect newly occurring IMI in 
pairs of samples taken before dry-off, post-calving, and 
also prior to and subsequent to the dry period, compos-
ite samples were shown to have lower Se but similar Sp 
for all pathogens investigated. Composite samples can 
be used to detect IMI and new IMI in dairy cows, but 
the Se and Sp of the procedure should be taken into 
account. 
 Key words:   composite sample ,  quarter sample ,  sen-
sitivity ,  specificity 
 INTRODUCTION 
 Composite milk samples—those containing milk from 
each of a cow’s 4 mammary quarters—are often col-
lected in standard veterinary practice for diagnosis of 
IMI in cows with subclinical mastitis. Because clini-
cal mastitis is often accompanied by physical changes 
in the milk or udder, the affected quarters are easily 
identified and quarter samples can be retrieved for cul-
ture. Composite samples, however, are often taken from 
cows with subclinical mastitis, as the offending quarter 
may not be easily identified. Dairy Herd Improvement 
schemes also use composite samples for SCC determina-
tion on individual cows, and some are beginning to offer 
services for identification of major pathogens on these 
samples (CanWest DHI, 2009). Some veterinarians use 
composite samples to culture herds on a routine basis, 
a practice recommended especially for large herds by 
the National Mastitis Council (NMC; Harmon et al., 
1990). 
 The goal of mastitis sampling is to identify IMI exist-
ing in one or more bovine mammary quarters. Because 
composite samples involve milk from each of a cow’s 4 
mammary quarters, it stands to reason that the dilution 
of infected milk with normal milk from uninfected quar-
ters would decrease the sensitivity (Se) of these samples 
when compared with individual quarter samples. To 
date, however, the Se and specificity (Sp) of composite 
samples have only been published for Staphylococcus 
aureus and Streptococcus agalactiae (Dinsmore et al., 
1991; Hoblet and Miller, 1991; Buelow et al., 1996; Lam 
et al., 1996). In most situations, the causative organism 
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of an IMI is initially unknown. An estimate of the Se 
and Sp of composite samples to detect IMI caused by 
the most common mastitis organisms would, therefore, 
be beneficial in the interpretation of culture results. 
Knowing whether composite samples taken from cows 
infected in more than one mammary quarter are likely 
to have better Se in detecting a cow-level IMI is also 
important. Although this has been shown for Staph. au-
reus (Lam et al., 1996), it did not seem to hold true for 
Strep. agalactiae (Dinsmore et al., 1991) and would be 
of interest in other common mastitis pathogen profiles.
Predictive values are used for translation of test re-
sults into action by veterinarians and producers alike, 
and a more accurate understanding of predictive values 
of composite samples for each organism would improve 
consultation and assist when setting sampling protocols 
in herds. Predictive values depend on herd prevalence 
but could be calculated for individual herds when 
composite sampling is being used, as the prevalence of 
particular pathogens might be estimated even though 
the true disease status is unknown.
Another area of interest is the ability of composite 
samples to detect the occurrence of new IMI (NIMI) 
when pairs of samples are taken over different periods 
of lactation. The goal of this research is to investigate 
these parameters for several important mastitis patho-
gens.
MATERIALS AND METHODS
Sample Collection
Samples were taken as part of the Canadian Bovine 
Mastitis Research Network’s large data collection plat-
form, the National Cohort of Dairy Farms (Reyher et 
al., 2011). Quarter samples were collected from lactat-
ing cows that were considered clinically normal (no 
abnormal milk). Fifteen cows per sampling period were 
sampled for each of 4 time periods (both winters and 
summers of 2007 and 2008) from 91 herds. Composite 
milk samples as well as individual quarter milk samples 
were taken. A full set of samples was defined as 1 
sample from each of 4 quarters of a cow and a compos-
ite sample taken on farm to represent approximately 
equal amounts of milk from each quarter. The analysis 
presented used 4,967 sets of samples from midlactation 
cows. Samples were also taken in 2007 by farm person-
nel on the same 91 farms from 15 cows at each of 4 
samplings: between 4 and 2 wk before dry-off and again 
from the same cows between 2 wk prior and dry-off 
(both considered pre-dry-off samples), as well as within 
24 h of calving and 1 to 2 wk after calving (postcalving 
samples). A total of 2,671 pre-dry-off sample sets and 
2,129 postcalving sample sets were used.
Bacteriological Culture
Milk samples were frozen and submitted to one of 
the bacteriology laboratories comprising the CBMRN’s 
Mastitis Laboratory Network. Laboratories followed 
standardized protocols based on NMC guidelines for 
bacteriological culture and species identification (Ho-
gan et al., 1999). A milk sample from which 3 or more 
different species were cultured was considered contami-
nated, although colonies of Staph. aureus identified in 
these samples were enumerated. Sample sets with 
contamination in the composite sample were excluded 
from all analyses.
IMI Definitions
A sample was defined as having an IMI if 100 or 
more cfu/mL of any pathogenic organism of interest 
was cultured as either pure or mixed growth. These IMI 
definitions were chosen for use in calculation of the Se 
and Sp of diagnoses and are based on work by Dohoo et 
al. (2011). Single samples were used, as previous work 
had shown the Se of culture of a single sample to be 
greater than that of duplicate samples (interpreted in 
series), whereas Sp is still acceptable (I. R. Dohoo and 
S. Andersen, Centre for Veterinary Epidemiological 
Research, Atlantic Veterinary College, University of 
Prince Edward Island, Prince Edward Island, Canada; 
R. Dingwell, Holdrege Veterinary Clinic, Holdrege, NE; 
K. Hand, Strategic Solutions Group, Puslinch, Ontario, 
Canada; D. F. Kelton and K. Leslie, Department of 
Population Medicine, Ontario Veterinary College, 
University of Guelph, Guelph, Ontario, Canada; Y. 
H. Schukken, Department of Veterinary Population 
Medicine and Diagnostic Services, and Clinical Sci-
ences, Cornell College of Veterinary Medicine, Ithaca, 
NY; S. Godden, Department of Veterinary Population 
Medicine, College of Veterinary Medicine, University of 
Minnesota, St. Paul; unpublished data). If a cow had 
an IMI caused by a particular organism in at least 1 
quarter, the cow was considered positive for that organ-
ism.
Data Selection and Statistical Analyses
Sample sets consisted of 4 quarter milk samples and 
a composite milk sample. Sets (n = 9,767) in which 
at least 1 of the quarters was cultured with 1 of the 
pathogens of interest (regardless of contamination 
in the other quarters), or where all 4 quarters were 
negative on culture, were initially considered eligible 
for analysis. Subsequently, all sets with contaminated 
composite samples were excluded (29.9% of the eligible 
sets). In total, 6,851 sets were included in the analyses.
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Major contagious pathogens such as Staph. aureus 
and Strep. agalactiae were considered of interest in the 
evaluation, although insufficient isolations of Strep. 
agalactiae occurred to allow calculation of the neces-
sary parameters. Opportunistic pathogens such as 
Streptococcus uberis, Streptococcus dysgalactiae, species 
of Enterococci, and Escherichia coli were investigated, 
as were minor pathogens such as CNS and Corynebac-
terium species.
Sensitivity and Sp were calculated using 2 × 2 tables. 
A cow was considered to be truly positive for an organ-
ism of interest if 1 or more quarters in the sample set 
were diagnosed with an IMI caused by that organism. 
Sensitivity was estimated as the proportion of cows 
with 1 or more positive quarter samples that had a 
positive composite sample for the organism of interest. 
Specificity was similarly calculated as the number of 
cows with a negative composite sample among those 
with 4 quarter samples negative for the organism of 
interest. Predictive values were calculated using the 
prevalence of organisms of interest in this data set. 
Positive predictive values (PPV) are the proportion of 
cows with at least 1 quarter infected with the organism 
of interest from among all cows with positive composite 
samples for that organism. Negative predictive values 
(NPV) are, likewise, the proportion of cows with all 
quarters negative for the organism of interest from 
among all cows with negative composite samples for 
that organism. Exact confidence intervals for binomial 
proportions around these estimates were determined.
Because observations (samples) were not indepen-
dent, but rather were clustered within cows (potentially 
multiple sample sets per cow) and within herds, the 
confidence intervals estimated above were likely under-
estimates of the true confidence intervals for Se and 
Sp. Consequently, random effects logistic regression 
analyses were carried out with random effects for herd 
and cow included. Separate analyses were carried out 
for positive and negative sets of samples, with the test 
result being the outcome of interest. Estimates derived 
from these models were converted to marginal (or pop-
ulation-averaged) estimates based on the total variance 
of the random effects (Dohoo et al., 2009), and variance 
estimates are reported. To keep in line with previous 
literature, however, and because random effects mod-
els weight the data differently and are, therefore, not 
preferred over unconditional models, only estimates 
and associated plots comparing estimates of Se and Sp 
and their 95% confidence intervals from unconditional 
analyses are presented.
Random effects logistic models were also run to de-
termine the change in Se of composite samples depend-
ing on the number of infected quarters. Estimates from 
these models were similarly converted to population-
averaged estimates based on the total variance of the 
random effects (Dohoo et al., 2009). Because of the 
reasons stated above, unconditional estimates are re-
ported along with their confidence intervals and vari-
ance estimates.
Random effects logistic regression was used to de-
termine whether factors such as stage of lactation and 
lactation number influenced the predictive ability of 
the composite samples for individual pathogens. Sig-
nificance was determined using a Bonferroni correction 
for multiple comparisons.
The Se of composite samples to detect the occur-
rence of NIMI caused by specific pathogens was also 
investigated within each of the sampling periods and 
over the dry period. Samples taken before dry-off (2–4 
wk and up to 2 wk prior) were paired for analysis, as 
were samples taken postcalving (within 24 h and 1–2 
wk postcalving). Detection of NIMI occurring over the 
dry period was also investigated.
At any given sampling, a cow was considered truly 
negative for IMI if all 4 quarters had negative bacterio-
logic cultures for the specified organism and none were 
contaminated. A cow was considered truly positive for 
IMI if at least 1 quarter was positive for the organism 
being investigated, regardless of contamination in the 
other quarters. An NIMI was defined as having oc-
curred when a truly negative cow was diagnosed with 
an IMI on the subsequent sampling (i.e., her status 
went from uninfected to infected). For analysis over the 
dry period, a cow was considered truly negative if both 
sets of the pre-dry-off quarter samples were negative for 
IMI, and was considered infected if either of the pre-
dry-off sample sets was culture positive. Only the first 
postcalving sample set was considered to determine 
her true status postcalving (based on quarter samples). 
Positive and negative composite samples were similarly 
defined (both had to be negative pre-dry-off and only 
the postcalving sample was considered for the change 
in status over the dry period).
Both unconditional logistic models and generalized 
estimating equations were used to calculate Se and Sp 
and associated confidence intervals for NIMI for pairs 
of samples before dry-off and postcalving. Sensitivity 
and Sp for NIMI of composite samples over the dry 
period were also calculated using 2 × 2 tables. Cows 
with IMI that remained chronic (appeared before dry-
off and still existed postcalving) or were cured over the 
dry period (were positive for IMI before dry-off and 
negative postcalving) were considered in the negative 
category for analysis, and only new IMI were evaluated. 
Analyses were done using Stata/MP 11.0 (StataCorp, 
College Station, TX).
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RESULTS
Seven individual pathogens or groups of pathogens 
had sufficient prevalence to allow calculation of Se and 
Sp of composite samples with some precision, or were 
considered important pathogens to be evaluated: Staph. 
aureus, CNS, Streptococcus uberis, Strep. dysgalactiae, 
species of Enterococcus, E. coli, and Corynebacterium 
species. Of these, Se was highest for Staph. aureus, fol-
lowed by Strep. dysgalactiae, Strep. uberis, CNS, and 
E. coli (Table 1). All other pathogens had sensitivities 
of 25% or lower (Table 1). Composite samples overall 
had high Sp for all pathogens investigated, with only 
CNS demonstrating Sp less than 97% (Table 1). Predic-
tive values were high, with equivocal positive predic-
tive values (<80%) only for Corynebacterium spp. and 
Enterococcus spp. (Table 2). Negative predictive values 
were similarly above 86% for all organisms except CNS 
(Table 2).
Subject-specific estimates of Se and Sp (and their 
95% confidence intervals), derived from the random 
effects models, were converted to population-averaged 
estimates (Dohoo et al., 2009). In general, these esti-
mates were very close to the unconditional associations 
described above; the confidence intervals, however, were 
wider. For example, the unconditional Se estimate for 
Corynebacterium spp. was 25.0, with 95% confidence 
interval (22.1–28.2), whereas the population-averaged 
estimate was 24.1 with 95% confidence interval (18.2–
31.2). Figures 1 and 2 show the unconditional estimates 
of Se and Sp for all pathogens considered.
The random effects models for Se and Sp for each of 
the pathogens accounted for the clustering of observa-
tions within cows and herds. For models of Se, the sum 
of the variance at the cow level and herd level averaged 
1.0 with a range of <0.01 to 3.3; for models of Sp, the 
total variance averaged 0.35 with a range of <0.01 to 
1.5.
Random effects logistic regression revealed that stage 
of lactation and lactation number were influential only 
in cases of CNS IMI. The stage of lactation (categorized 
as early postpartum, midlactation, and pre-dry-off) 
was investigated using univariable logistic models and 
was not found to be predictive for any pathogen except 
CNS (P < 0.05). For CNS, composite samples taken 
just before dry-off had higher Se to detect IMI than 
samples taken either postpartum or in midlactation (P 
< 0.001; Se = 66.3, 55.8, and 59.2, respectively). Parity 
effects were not linear, so parity was converted to a 
3-level categorical variable (first lactation, second lac-
tation, and third+ lactation). Composite samples from 
primiparous cows were better at detecting CNS IMI 
than composite samples taken from older animals (P < 
0.001; Se = 65.2, 56.7, and 58.7, respectively).
Both unconditional and random effects models used 
to estimate the change in Se in composite samples 
as number of infected quarters increased from 1 to 4 
showed an increase in Se as more quarters were in-
fected. Unconditional estimates are presented in Table 
3; again, population-averaged estimates from random 
effects models were similar but had larger confidence 
intervals (details available upon request). In these 
models, the sum of herd-level and cow-level variance 
averaged 0.99 with a range of <0.01 to 3.6. If inad-
equate data were available to estimate Se for situations 
where 4 quarters were infected, results for having 3 or 
Table 1. Unconditional estimates of sensitivity (Se) and specificity (Sp) of composite milk samples for selected 
pathogens (or pathogen groups) with number of observations and 95% confidence intervals 
Pathogen n Se 95% CI n Sp 95% CI
Staphylococcus aureus 558 77.1 73.3–80.5 4,722 99.6 99.4–99.8
Streptococcus dysgalactiae 64 73.4 60.9–83.7 5,051 100.0 99.9–100.0
Streptococcus uberis 66 62.1 49.3–73.8 5,052 100.0 99.9–100.0
CNS 4,503 59.8 58.4–61.2 1,766 82.7 80.9–84.5
Escherichia coli 58 51.7 38.2–65.0 5,062 99.9 99.8–100.0
Corynebacterium spp. 799 25.0 22.1–28.2 4,531 98.5 98.2–98.9
Enterococcus spp. 869 24.5 21.7–27.5 4,488 97.3 96.7–97.7
Table 2. Positive predictive values (PPV) and negative predictive values (NPV) of composite milk samples for 
selected pathogens (or pathogen groups) with pathogen prevalence and 95% confidence intervals 
Pathogen Prevalence PPV 95% CI NPV 95% CI
Staphylococcus aureus 10.6 95.8 93.5–97.4 97.4 96.9–97.8
Streptococcus dysgalactiae 1.3 95.9 86.0–99.5 99.7 99.5–99.8
Streptococcus uberis 1.3 100.0 91.4–100.0 99.5 99.3–99.7
CNS 71.8 89.8 88.7–90.9 44.7 43.0–46.4
Escherichia coli 1.1 88.2 72.5–96.7 99.4 99.2–99.6
Corynebacterium spp. 15.0 75.2 69.5–80.3 88.2 87.2–89.0
Enterococcus spp. 16.2 63.4 58.0–68.6 86.9 86.0–87.9
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4 quarters infected were pooled. Because of a paucity 
of data for certain pathogens, results are only available 
for 4 pathogens or pathogen groups.
Table 4 presents the Se and Sp for composite samples 
from paired samples before dry-off, postcalving and 
over the dry period, respectively. Not all pathogens 
are included in these tables, because, for some patho-
gens, insufficient data prevented calculation of these 
values. Again, unconditional and population-averaged 
estimates were generated with herd as a random effect.
Figure 1. Unconditional estimates of sensitivity (Se) and specificity (Sp) of composite samples for detection of IMI with specific pathogens in 
1 or more bovine mammary quarters. Error bars represent 95% confidence intervals. S. aureus = Staphylococcus aureus, S. dys. = Streptococcus 
dysgalactiae, S. uberis = Streptococcus uberis, E. coli = Escherichia coli, Coryne. = Corynebacterium spp., Entero. = Enterococcus spp.
Figure 2. Positive predictive values (PPV) and negative predictive values (NPV) of composite samples for detection of IMI in 1 or more 
bovine mammary quarters. Error bars represent 95% confidence intervals. S. uberis = Streptococcus uberis, S. dys. = Streptococcus dysgalactiae, 
S. aureus = Staphylococcus aureus, E. coli = Escherichia coli, Coryne. = Corynebacterium spp., Entero. = Enterococcus spp.
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DISCUSSION
The data used here, from the National Cohort of 
Dairy Farms of the CBMRN, came from a nationally 
relevant research population and span from quarter 
to regional levels. These extensive data were collected 
over a 2-yr time period and offer a unique opportunity 
to investigate questions such as those surrounding the 
diagnosis of IMI in composite samples. Milk samples 
were collected by producers and trained technicians 
and bacteriology was conducted in laboratories using 
standardized protocols. Almost 7,000 sets of samples 
were included in the analyses.
Gold Standard
Even with extensive longitudinally collected data, 
the definition of a gold standard is challenging. In this 
work, the gold standard has been defined based on bac-
teriologic culture of quarter samples taken from a cow, 
with the cow’s status being determined to be positive 
if 1 or more of these quarter samples was positive for 
the pathogen of interest. It is recognized that this is an 
imperfect gold standard, as bacteriologic culture is not 
a perfect test (typically resulting in low Se but high 
Sp). Calculations of Se and Sp, therefore, are based 
on some misclassification errors, which may lead to 
bias. If Se of a quarter sample is low, then calculation 
of the composite sample Se will be based on a select 
group of positive cows (presumably cows shedding the 
most pathogen and, therefore, accurately diagnosed 
on quarter samples). Composite Se, therefore, may be 
somewhat overestimated. Alternatively, composite Sp 
is based on those cows that were culture negative in the 
gold standard group (of which some may be shedding 
only a small amount of pathogen and, thereby, be mis-
Table 3. Unconditional estimates of sensitivity (Se) of composite milk samples for selected pathogens (or 
pathogen groups) as number of infected quarters increases, with number of observations and 95% confidence 
intervals1 
Pathogen
No. of quarters  
infected n Se 95% CI
Staphylococcus aureus 1 432 72.7 68.3–76.7
2 99 91.9 84.7–95.9
3+ 27 92.6 74.8–98.1
CNS 1 2,251 49.3 47.3–51.4
2 1,428 63.8 61.3–66.3
3 638 81.0 77.7–83.9
4 186 83.3 77.3–88.0
Corynebacterium spp. 1 591 19.0 16.0–22.3
2 139 33.8 26.4–42.1
3 52 53.9 30.3–66.8
4 17 76.5 51.5–90.9
Enterococcus spp. 1 744 22.2 19.3–25.3
2 108 35.2 26.8–44.6
3+ 17 58.8 35.2–79.0
1Not all pathogens are included, as insufficient data (n <17) were available to allow calculations.
Table 4. Unconditional estimates of sensitivity (Se) and specificity (Sp) of composite milk samples for detection of new IMI with selected 
pathogens (or pathogen groups) in paired samples taken before dry-off, postcalving, and over the dry period, respectively, with number of 
observations and 95% confidence intervals1 
Sampling time Pathogen n Se 95% CI n Sp 95% CI
Prior to dry-off Staphylococcus aureus 8 62.5 28.5–87.5 350 99.4 97.7–99.9
CNS 79 30.4 21.3–41.3 419 85.0 81.2–88.1
Corynebacterium spp. 27 22.2 10.3–41.5 345 97.7 95.4–98.8
Enterococcus spp. 25 8.0 2.0–26.9 340 97.1 91.6–98.4
Postcalving Staphylococcus aureus 6 50.0 16.8–83.2 273 97.8 95.2–99.0
CNS 75 38.7 28.4–50.1 287 84.7 88.4–80.0
Streptococcus dysgalactiae 3 33.3 4.3–84.7 256 99.6 97.3–99.9
Corynebacterium spp. 20 30.0 14.1–52.7 246 97.2 94.2–98.6
Enterococcus spp. 22 13.6 4.5–34.8 254 98.8 96.4–99.6
Over the dry period Streptococcus dysgalactiae 6 83.3 35.9–99.6 147 100.0 97.5–100.0
Staphylococcus aureus 12 75.0 42.8–94.5 134 100.0 97.3–100.0
CNS 17 35.3 14.2–61.7 19 73.7 48.8–90.9
Streptococcus uberis 3 33.3 0.8–90.6 151 100.0 97.6–100.0
Enterococcus spp. 15 26.7 7.8–55.1 116 94.0 88.0–97.5
Corynebacterium spp. 10 10.0 0.3–44.5 123 98.4 94.2–99.8
1Not all pathogens are included, as insufficient data (n <3) were available to allow calculations.
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classified as uninfected). Composite Sp, then, may be 
overestimated. Given that culture procedures generally 
have much higher Sp than Se, however, the overestima-
tion is much more likely to be present in the estimate 
of the composite sample Se. In general, these Se and 
Sp should be considered as values relative to the gold 
standard, which in itself may have been misclassified.
Sensitivity and Specificity
Composite samples did not have high Se but did, in 
general, have very high Sp for the range of organisms 
investigated here. This is not surprising because of the 
dilution effect of uninfected quarters in a composite 
sample. Quarter samples, therefore, are still recom-
mended as the first line in mastitis diagnosis if the af-
fected quarter can be identified (e.g., clinical cases or 
by the California Mastitis Test). Composite samples are 
nevertheless useful in mastitis surveillance and knowl-
edge of their Se and Sp to detect IMI or to rule out the 
presence of IMI caused by a particular organism will 
assist their interpretation. From both a veterinarian’s 
and producer’s standpoint, it is of practical interest to 
have quantification of the decrease in accuracy when 
these samples are used.
Herd composite sampling may be employed in situa-
tions where the prevalence of a certain pathogen can be 
estimated, or for use in control programs for especially 
virulent pathogens. The usefulness of composite sam-
pling has previously been described for Staph. aureus 
and Strep. agalactiae (Dinsmore et al., 1991; Hoblet 
and Miller, 1991; Buelow et al., 1996; Lam et al., 1996), 
both pathogens being the focus of contagious mastitis 
control programs. The work presented here supports 
the conclusions of Lam et al. (1996) who found relative 
Se for Staph. aureus in composite samples to be moder-
ate (63%) although much higher in high-shedding cows 
(96%). These authors also described high relative Sp 
for Staph. aureus (98%), although in the work described 
here, the Sp for Staph. aureus was higher (99.6%, 95% 
CI = 99.4–99.8%). Buelow et al. (1996) investigated 
several sample collection strategies, and found that 
pooled composite samples taken 3 d apart gave an Se 
of 100% (95% CI = 76–100%) and Sp of 100% (95% CI 
= 90–100%) for composite samples. Hoblet and Miller 
(1991), using small sample numbers, also identified 
high Se (85–90%) for Staph. aureus using composite 
samples. The Se and Sp reported here for Staph. aureus, 
although based on many more sample pairs, fall within 
the confidence intervals of these previous studies. The 
prevalence of Strep. agalactiae in this data set was too 
low to allow any useful analysis.
Predictive Values
Predictive values are probably of the most interest to 
those working on mastitis control, as it is important to 
convey to producers the implication of a culture result 
and to interpret any action that is to be taken. This 
analysis shows PPV to be good (96–100%) for major 
pathogens such as Strep. dysgalactiae, Staph. aureus, 
and Strep. uberis and moderate (88–90%) for E. coli 
and CNS at a prevalence similar to what is seen across 
Canada. Negative predictive values were also high 
(>86%) for all organisms except CNS.
Because predictive values depend heavily on preva-
lence, they are subject to change depending on the 
known pathogen profile of an individual dairy farm. 
For example, in this data set, the prevalence of CNS 
was quite high (71.8%) and the PPV was moderate 
(89.8%), whereas the NPV was low (44.7%). On a farm 
with a much lower prevalence of CNS (assume 30%), 
the PPV would be much lower (59.7%) and the NPV 
would be higher (82.8%). A positive culture for CNS, 
therefore, would not be as believable, whereas a consul-
tant would be much more confident that the pathogen 
did not exist in a cow with a negative result. In another 
case, Strep. uberis prevalence was very low in this data 
set (1.3%), and both PPV and NPV were still high 
(100 and 99.5%, respectively). If a farm with a 30% 
prevalence of Strep. uberis used composite sampling, 
the PPV would remain 100%, but the NPV would de-
crease to 86.0%, making one less confident in a negative 
culture. Veterinarians and producers should be sure to 
take into consideration the effect of the prevalence of 
the different pathogens when interpreting predictive 
values and translating these into action in dairy opera-
tions. In this data set, prevalences reflect those across 
Canada, but on individual farms these might be quite 
different, and thereby have a great effect on the predic-
tive values of composite samples.
Number of Infected Quarters
Previous work by Dinsmore et al. (1991) showed 
similar predictive values between quarter and compos-
ite samples of cows diagnosed with Strep. agalactiae, 
and it may be concluded, therefore, that the dilution 
of pathogen from infected quarters was not substantial 
in composite samples. The work presented here on at 
least the 4 pathogens for which adequate data were 
available quite clearly shows that as the number of in-
fected quarters increases, the Se of composite samples 
also increases. The study by Lam et al. (1996) showed 
similar results for Staph. aureus, with relative Se in-
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creasing from 58% when a cow had 1 infected quarter 
to 89% when all 4 quarters were infected. The estimates 
presented here are somewhat higher, but may also be 
a function of increased precision because of a much 
greater sample size (n = 558 as opposed to n = 137 in 
Lam et al., 1996). One conclusion is that the dilution 
of pathogen numbers does play a part in composite 
sample Se for these pathogens. Another explanation 
may be that cows with more infected quarters may not 
be capable of mounting a good immune response and 
may shed higher numbers of pathogens in their milk. 
In either scenario, it seems that identifying a cow with 
an IMI is easier when more than 1 quarter is infected.
New IMI
Detecting NIMI using composite milk samples seems 
less accurate across the board than detecting existing 
IMI. For the most part, and across all pathogens ana-
lyzed, Se were slightly lower and Sp were comparable 
for detection of NIMI as compared with detection of 
IMI (Tables 1 and 4). Confidence intervals were also 
observed to be wider, probably because of the smaller 
sample sizes involved in these calculations. The differ-
ences in Se and Sp were seen to be small, however, 
showing that estimates of these measures of accuracy 
are consistent within particular pathogen groups, 
whether one is attempting to detect an existing IMI or 
the development of an NIMI.
Other Predictors and Considerations
Because CNS had the highest prevalence in this data 
set, it is perhaps not surprising that stage of lacta-
tion and lactation number were significant predictors 
of IMI. Samples taken just before dry-off were more 
sensitive in detecting the presence of an IMI in 1 or 
more quarters of a cow than were samples taken early 
or in the middle of lactation. It is possible that dilution 
effect plays a part in this—cows toward the end of their 
lactation produce less milk, and the concentration of 
CNS may be higher in the fraction of milk from an 
infected quarter collected into the composite sample, 
giving a higher Se. An increase in Sp was not seen for 
any particular sample type. Primiparous cows were also 
seen to have composite samples with higher Se for CNS 
than samples from multiparous cows. The prevalence 
of CNS mastitis is higher in first-parity cows than in 
older cows, and differences in the immune systems of 
primiparous animals might play an important part in 
their susceptibility to CNS IMI (Pyörälä and Taponen, 
2009). One consequence of this may be that primiparae 
shed greater numbers of organisms, which would, in 
turn, serve to increase Se. Primiparae also have lower 
production than multiparae, so less of a dilution effect 
may be present in their milk. These differences were 
only seen with significance for CNS and the effects of 
stage of lactation and lactation number differed among 
the other pathogens. The lower prevalences of other 
pathogens in this data set also may have limited the 
power to detect significant differences in these analyses.
The Se of composite samples may also depend on the 
severity and stage (acute or chronic) of an IMI with 
a particular pathogen. Some pathogens (e.g., Staph. 
aureus) are known to be cyclically shed and may not be 
as easily cultured at times of low shedding as at times 
of high shedding, whereas others (e.g., E. coli) are shed 
early in acute infection but may not be isolated once 
infection has been recognized (Sears et al., 1990; NMC, 
1997). Chronically infected cows shedding high num-
bers of pathogens also exist, and may be the easiest to 
detect. Most of the samples used in these analyses were 
collected from cows not known to be and not suspected 
of being infected at the time of sampling.
Similarly, SCC is often used in mastitis management: 
cows with a high SCC may be cultured to determine 
the causative organism of an IMI. Somatic cell count 
was not included in these analyses for several reasons. 
First, the work detailed here builds on previous publica-
tions that determine a consensus gold standard for the 
definition of IMI (Andersen et al., 2010) and evaluate 
the Se and Sp of different single-sample test definitions 
(Dohoo et al., 2011). In this previous research, use of 
SCC in the definition of IMI was judged to be unneces-
sary, as it drastically decreased Se with little gain in Sp. 
Also, if the analyses presented here had been conducted 
only on high-SCC cows (as they may be in some clinical 
practices), a selection bias would be introduced: only 
cows with inflammation in 1 or more quarters would 
have been included. This, in turn, would serve to artifi-
cially inflate the Se of composite samples.
Composite sampling and prescreening based on SCC, 
therefore, have different target objectives. Prescreen-
ing based on SCC is a useful way to determine the 
pathogen profile of a herd, because most samples will 
yield a causative organism (Se is likely to be high). 
Composite sampling, however, may be more efficient in 
determining all infected cows in a herd—those with a 
low SCC will also be cultured and IMI identified. In the 
accepted practice of culturing individual cows or whole 
herds without respect to SCC, therefore, knowledge of 
the Se and Sp of composite samples as presented here 
is very beneficial.
The contamination proportions in these samples and 
how these might differ in samples taken by farm per-
sonnel versus those taken by trained technicians may be 
of concern. Details of contamination percentages have 
been addressed in a previous manuscript providing in-
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depth details about the data collection (Reyher et al., 
2011). If these contamination percentages did introduce 
a missing data bias, this bias would serve to affect the 
power of the study, which would increase the width of 
the confidence intervals. Because sampling sets were 
not dropped if 1 quarter was contaminated (unless no 
quarters were positive for the pathogen in question), it 
is likely that the majority of infected cows were identi-
fied, and that data were not lost in this way. If the 
composite sample was contaminated, however, these 
sample sets were removed from the analyses. Again, 
this missing data would serve to affect the power of the 
study, but would not be expected to introduce a bias in 
the estimation of the Se or Sp.
Misclassification of a cow’s true status (based on 
quarter culture results) certainly occurs. For example, 
a truly positive cow may have all 4 quarter samples 
negative and may be incorrectly classified as negative. 
Contamination would not affect this, as only cows 
with all 4 quarters negative were classified as negative 
(e.g., data from a cow with 3 negative quarters and 
1 contaminated quarter were excluded). On the other 
hand, a truly uninfected cow may have been classified 
as infected if 1 or more of the quarter samples had a 
false-positive test result. This was generally unlikely, as 
the Sp of culture procedures is quite high. Once again, 
contamination could not affect this misclassification 
probability as the cow’s data was only included if 1 or 
more quarters were positive for the organism of interest 
(which makes the status of the contaminated quarter 
irrelevant).
All of the samples included in this analysis had been 
frozen before bacteriological culture, which may have 
some drawbacks. It has been shown previously that 
freezing tends to increase the odds of isolating CNS 
from milk samples, while decreasing the odds of isolat-
ing the other pathogens investigated here (Reyher et 
al., 2011). This decrease may further hinder the Se of 
composite samples, because, due to the dilution effect, 
fewer pathogens are expected to be captured in the 
composite sample. The Se of fresh composite samples 
for these pathogens, therefore, may be expected to be 
higher than reported here.
In conclusion, composite samples can be useful in 
the detection of IMI and NIMI in dairy cows, although 
the Se and Sp for specific pathogens of interest should 
be taken into account. Cows with more infected quar-
ters are more likely to be detected as having IMI, and 
samples taken during differing stages of lactation or in 
animals of different ages may differ in their ability to 
accurately detect CNS IMI.
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